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Specification 

Method and Device for Drying Substrate . 



Technical Field 

The present invention relates to a method 
and device for drying substrates. More 
particularly, the present invention relates to a 
method and device for rapidly drying substrates 
which are cleaned using cleaning fluid. 

Related Art 

From the past, a device having an 
arrangement which is illustrated in Japanese 
Patent Publication Gazette No. Hei 6-103686 is 
proposed as a device for drying substrates (for 
example, semiconductor wafer or the like) after 
cleaning of the substrates using cleaning fluid, 
by relatively lowering the fluid face of the 
cleaning fluid with respect to the substrates 
and by supplying drying fluid vapor {for example, 
isopropyl alcohol (hereinafter referred to as 
IPA) vapor or the like}. 

When the device is employed, a plurality of 
substrate housed within a processing container 
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is cleaned using the cleaning fluid, then the 
drying fluid vapor is introduced within the 
processing container and the fluid face of the 
cleaning fluid is lowered, both operations are 
carried out simultaneously, so that a thin fluid 
layer of drying fluid is generated on the fluid 
face of the cleaning fluid. Consequently, the 
surface of each substrate is rapidly dried using 
MARANGONI effect. 

When the device having the arrangement 
illustrated in Japanese Patent Publication 
Gazette No. Hei 6-103686 is employed, not only 
an introducing passage for introducing drying 
vapor but also a relief valve (exhaust opening) 
for exhausting drying vapor are needed for 
forming a flowing passage of drying vapor within 
the processing container so that the 
arrangement becomes complicated and that a 
dangerous condition is realized in which the 
drying vapor leak within a factory. 

Further, when the device ia applied for 
drying a plurality of semiconductor wafer, the 
semiconductor wafer is enlarged in size, and an 
interval of semiconductor wafer is decreased for 
increasing a number of semiconductor wafer which 
are processed simultaneously, in recent years. 
Under such condition, a disadvantage arises in 



that intruding of the drying vapor between 
semiconductor wafers becomes difficult so as to 
generate a drying mark on the semiconductor 
wafers. 

The present invention was made in view of 
the above problems. 

It is an object of the present invention to 
offer a method and device for drying substrate 
in which an exhaust equipment is eliminated or 
simplified and for smoothly supplying drying 
fluid. 

Disclosure of the Invention 

A method for drying substrate of claim 1 
houses substrates within a processing container, 
and dries a surface of each substrate by 
relatively lowering a fluid face of cleaning 
fluid within a processing container with respect 
to the substrate and by introducing the drying 
fluid within the processing container, the 
method comprises steps of, 

Introducing drying fluid under a liquid 
condition within the processing container, and 

Injecting the introduced drying fluid onto 
the fluid face of the cleaning fluid using a 
nozzle. 
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A method for drying substrate of claim 2 
blows inert gas for atomizing the drying fluid. 

A method for drying substrate of claim 3 
intermittently introduces the drying fluid 
within the processing container. 

A device for drying substrate of claim 4 
houses substrates within a processing container, 
and dries a surface of each substrate by 
relatively lowering a fluid face of cleaning 
fluid within a processing container with respect 
to the substrate and by introducing the drying 
fluid within the processing container, the 
device comprises, 

Drying fluid supplying means for introducing 
drying fluid under a liquid condition within the 
processing container, and for injecting the 
introduced drying fluid onto the fluid face of 
the cleaning fluid using a nozzle. 

A device for drying substrate of claim 5 
further comprises blowing means for blowing 
inert gas for atomizing the drying fluid, the 
blowing means being near the drying fluid 
supplying means. 

A device for drying substrate of claim 6 
further comprises control means for controlling 
the drying fluid supplying means so as to 
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intermittently introduce the drying fluid within 
the processing container. 

A method for drying substrate of claim 7 
houses substrates within a processing container, 
and dries a surface of each substrate by 
relatively lowering a fluid face of cleaning 
fluid within a processing container with respect 
to the substrate and by introducing the drying 
fluid within the processing container, the 
method comprises steps of, 

Conveying liquid drying fluid to exhaust 
opening of a nozzle using carrier gas, and 

Simultaneously blowing the drying fluid and 
the carrier gas from the exhaust opening towards 
an upper face of the cleaning fluid. 

A device for drying substrate of claim 8 
houses substrates within a processing container, 
and dries a surface of each substrate by 
relatively lowering a fluid face of cleaning 
fluid within a processing container with respect 
to the substrate and by introducing the drying 
fluid within the processing container, the 
device comprises, 

Drying fluid supplying means for conveying 
liquid drying fluid to exhaust opening of a 
nozzle using carrier gas, and for simultaneously 
blowing the drying fluid and the carrier gas 
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from the exhaust opening towards an upper face 
of the cleaning fluid. 

A device for drying substrate of claim 9 
wherein the drying fluid supplying means 
comprises a first feed pipe for supplying 
carrier gas to the nozzle and a second feed pipe 
for supplying liquid drying fluid which is 
communicated to the halfway of the first feed 
pipe. 

A device for drying substrate of claim 10 
wherein the drying fluid supplying means 
comprises a first feed pipe for supplying 
carrier gas to the nozzle and a second feed pipe 
for supplying liquid drying fluid to the nozzle, 
the first feed pipe and the second feed pipe 
being independently provided from one another. 

When the method for drying substrate of 
claim 1 is employed, the method houses 
substrates within the processing container, and 
dries the surface of each substrate by 
relatively lowering the fluid face of cleaning 
fluid within the processing container with 
respect to the substrate and by introducing the 
drying fluid within the processing container. 
During this operation, the method introduces 
drying fluid under a liquid condition within the 
processing container, and Injects the introduced 
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drying fluid onto the fluid face of the cleaning 
fluid using a nozzle. Therefore, the drying 
fluid is smoothly introduced between the 
substrates due to the influence of dead weight 
of the liquid drying fluid so that the drying 
fluid is supplied with higher density with 
respect to the density of the vapor supplying so 
as to improve MARANGONI effect. Consequently, a 
liquid layer of the drying fluid is generated on 
the cleaning fluid so that drying of the 
substrates with greatly little drying mark is 
rapidly realized using MARANGONI effect. 
Further, the drying fluid is supplied in a 
liquid phase condition, so that the entirety or 
almost of the drying fluid is discharged with 
the cleaning fluid. Consequently, leakage of 
the drying fluid is decreased up to nearly zero 
so that exhaust equipment is eliminated or is 
simplified. As a result, decrease in cost is 
realized. 

When the method for drying substrate of 
claim 2 is employed, the method blows inert gas 
for atomizing the drying fluid. Therefore, 
disadvantage is prevented from occurrence that 
droplet of the injected liquid drying fluid 
becomes too large, so that superior drying of 
the substrates is realized. In addition. 
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operations and effects are realized which are 
similar to those of claim 1. 

When the method for drying substrate of 
claim 3 is employed, the method intermittently 
introduces the drying fluid within the 
processing container. Therefore, increase in 
consumption quantity of the drying fluid 
following the supplying of the drying fluid in a 
liquid condition is suppressed. In addition, 
operations and effects are realized which are 
similar to those of claim 1 or claim 2. 

When the device for drying substrate of 
claim 4 is employed, the device houses 
substrates within the processing container, and 
the device dries the surface of each substrate 
by relatively lowering the fluid face of 
cleaning fluid within the processing container 
with respect to the substrate and by introducing 
the drying fluid within the processing container 

During this operation, the drying fluid 
supplying means introduces drying fluid under a 
liquid condition within the processing container 
and injects the introduced drying fluid onto the 
fluid face of the cleaning fluid using a nozzle. 

Therefore, the drying fluid is smoothly 
introduced between the substrates due to the 
influence of dead weight of the liquid drying 
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fluid so that the drying fluid is supplied with 
higher density with respect to the density of 
the vapor supplying so as to improve MARANGONI 
effect. Consequently, a liquid layer of the 
drying fluid is generated on the cleaning fluid 
so that drying of the substrates with greatly 
little drying mark is rapidly realized using 
MARANGONI effect. Further, the drying fluid is 
supplied in a liquid phase condition, so that 
the entirety or almost of the drying fluid is 
discharged with the cleaning fluid. 
Consequently, leakage of the drying fluid is 
decreased up to nearly zero so that exhaust 
equipment is eliminated or is simplified. As a 
result, decrease in cost is realized. 

When the device for drying substrate of 
claim 5 is employed, the device further 
comprises blowing means for blowing inert gas 
for atomizing the drying fluid, the blowing 
means being near the drying fluid supplying 
means. Therefore, disadvantage is prevented 
from occurrence that droplet of the injected 
liquid drying fluid becomes too large, so that 
superior drying of the substrates is realized. 
In addition, operations and effects are realized 
which are similar to those of claim 4. 
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When the device for drying substrate of 
claim 6 is employed, the device further 
comprises control means for controlling the 
drying fluid supplying means so as to 
intermittently introduce the drying fluid within 
the processing container. Therefore, increase 
in consumption quantity of the drying fluid 
following the supplying of the drying fluid in a 
liquid condition is suppressed. In addition, 
operations and effects are realized which are 
similar to those of claim 4 or claim 5. 

When the method for drying substrate of 
claim 7 is employed, the method houses 
substrates within the processing container, and 
dries the surface of each substrate by 
relatively lowering the fluid face of cleaning 
fluid within the processing container with 
respect to the substrate and by introducing the 
drying fluid within the processing container. 
During this operation, the method conveys liquid 
drying fluid to exhaust opening of the nozzle 
using carrier gas, and the method simultaneously 
blows the drying fluid and the carrier gas from 
the exhaust opening towards the upper face of 
the cleaning fluid. 

Therefore, the drying fluid is smoothly 
introduced between the substrates due to the 
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influence of dead weight of the liquid drying 
fluid so that the drying fluid is supplied with 
higher density with respect to the density of 
the vapor supplying so as to improve MARANGONI 
effect. Consequently, a liquid layer of the 
drying fluid is generated on the cleaning fluid 
so that drying of the substrates with greatly 
little drying mark is rapidly realized using 
MARANGONI effect. Further, the drying fluid is 
supplied in a liquid phase condition, so that 
the entirety or almost of the drying fluid is 
discharged with the cleaning fluid. 
Consequently, leakage of the drying fluid is 
decreased up to nearly zero so that exhaust 
equipment is eliminated or is simplified. As a 
result, decrease in cost is realized. 
Furthermore, the blowing quantity of the drying 
fluid from the blowing opening of the nozzle is 
suppressed so that the drying fluid of proper 
quantity is supplied to the dipping boundary 
face of the substrates. Consequently, usage 
quantity of the drying fluid is decreased and 
the running cost is decreased. 

When the device for drying substrate of 
claim 8 is employed, the device houses 
substrates within the processing container, and 
the device dries the surface of each substrate 
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by relatively lowering the fluid face of 
cleaning fluid within the processing container 
with respect to the substrate and by introducing 
the drying fluid within the processing container. 
During this operation, the drying fluid 
supplying means conveys liquid drying fluid to 
exhaust opening of the nozzle using carrier gas, 
and simultaneously blows the drying fluid and 
the carrier gas from the exhaust opening towards 
the upper face of the cleaning fluid. 

Therefore, the drying fluid is smoothly 
introduced between the substrates due to the 
influence of dead weight of the liquid drying 
fluid so that the drying fluid is supplied with 
higher density with respect to the density of 
the vapor supplying so as to improve MARANGONI 
effect. Consequently, a liquid layer of the 
drying fluid is generated on the cleaning fluid 
so that drying of the substrates with greatly 
little drying mark is rapidly realized using 
MARANGONI effect. Further, the drying fluid is 
supplied in a liquid phase condition, so that 
the entirety or almost of the drying fluid is 
discharged with the cleaning fluid. 
Consequently, leakage of the drying fluid is 
decreased up to nearly zero so that exhaust 
equipment is eliminated or is simplified. As a 
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result, decrease in cost is realized. 
Furthermore, the blowing quantity of the drying 
fluid from the blowing opening of the nozzle is 
suppressed so that the drying fluid of proper 
quantity is supplied to the dipping boundary 
face of the substrates. Consequently, usage 
quantity of the drying fluid is decreased and 
the running cost is decreased. 

When the device for drying substrate of 
claim 9 is employed, the drying fluid supplying 
means comprises a first feed pipe for supplying 
carrier gas to the nozzle and a second feed pipe 
for supplying liquid drying fluid which is 
communicated to the halfway of the first feed 
pipe. Therefore, the blowing quantity of the 
drying fluid from each blowing opening is 
determined to be a proper quantity so that the 
consumption quantity of the drying fluid is 
decreased and the cost is decreased. In 
addition, operations and effects are realized 
which are similar to those of claim 8. 

When the device for drying substrate of 
claim 10 is employed, the drying fluid supplying 
means comprises a first feed pipe for supplying 
carrier gas to the nozzle and a second feed pipe 
for supplying liquid drying fluid to the nozzle, 
the first feed pipe and the second feed pipe 
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being independently provided from one another. 
Therefore, the liquid drying fluid is guided by 
the carrier gas to the blowing opening within 
the nozzle. In addition, operations and effects 
are realized which are similar to those of claim 
8. 

Brief Description of the Drawings 

Figure 1 is a schematic perspective view of 
a device for drying substrate of an embodiment 
according to the present invention; 

Figure 2 is a schematically vertical cross 
sectional view illustrating another arrangement 
of an injection nozzle; 

Figure 3 is a schematic vertical cross 
sectional view illustrating a further 
arrangement of an injection nozzle; 

Figure 4 is a schematic vertical cross 
sectional view illustrating yet another 
arrangement of an injection nozzle; 

Figure 5 is a schematic perspective view of 
a device for drying substrate of another 
embodiment according to the present invention; 

Figure 6 is a schematic perspective view of 
a device for drying substrate of a further 
embodiment according to the present invention; 
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Figure 7 is a schematic perspective view of 
a device for drying substrate of yet another 
embodiment according to the present invention; 

Figure 8 is a schematic perspective view of 
a device for drying substrate of a yet further 
embodiment according to the present invention; 

Figure 9 is a timing chart useful in 
understanding intermittent introduction of 
drying fluid and intermittent blowing of high 
temperature nitrogen gas; 

Figure 10 is a perspective view illustrating 
a main portion of a device for drying substrate 
of a further embodiment according to the present 
invention; 

Figure 11 is a perspective view illustrating 
a main portion of a device for drying substrate 
of yet another embodiment according to the 
present invention; and 

Figure 12 is a perspective view illustrating 
a main portion of a device for drying substrate 
of a yet further embodiment according to the 
present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, referring to the attached 
drawings, we explain a method and device for 
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drying substrate of an embodiment according to 
the present invention in detail. 

Fig. 1 is a schematic perspective view of a 
device for drying substrate of an embodiment 
according to the present invention. 

The device for drying substrate has a 
processing container 3 for housing a plurality 
of substrate 1, and for discharging cleaning 
fluid (for example, pure water) 2 which has 
cleaned the substrates 1. The device also has a 
feed pipe 4 for supplying liquid drying fluid 
(for example, IPA), and an injection nozzle 5 
for injecting the drying fluid which is provided 
at the end section of the feed pipe 4. Of 
course, the injection nozzle 5 is disposed above 
the substrate 1. 

Operation of the device for drying substrate 
having the above arrangement is as follows. 

After the substrates 1 has cleaned by 
housing the cleaning fluid 2 within the 
processing container 3 in which the substrates 1 
are housed therein, the fluid face of the 
cleaning fluid 2 is lowered by discharging the 
cleaning fluid 2 from the processing container 3 
and the drying fluid is supplied through the 
feed pipe 4 and is injected by the injection 
nozzle 5. As a result, a fluid layer of the 
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injected drying fluid is formed on the surface 
of the cleaning fluid 2 so that portions exposed 
from the surface of the cleaning fluid 2 among 
the plurality of substrate 1 are rapidly dried 
without drying mark due to MARANGONI effect. 

When portions to some degree among the 
plurality of substrate 1 are positioned above 
the surface of the cleaning fluid 2, mist 
conditioned drying fluid injected from the 
injection nozzle 5 smoothly intrudes into the 
clearance between substrates 1 by the dead 
weight thereof so that a fluid layer of the 
injected drying fluid is formed on the surface 
of the cleaning fluid 2 for those portions. 
Therefore, rapid drying without drying mark due 
to MARANGONI effect is continued. 

When the above series of drying operation is 
carried out, almost drying fluid supplied in 
liquid condition is discharged with the cleaning 
fluid 2 from the processing container 3 to outer 
section so that the drying fluid scarcely leaks 
neighboring sections with respect to the 
processing container 3. As a result, an 
exhausting equipment for exhausting the drying 
fluid is eliminated or simplified so as to 
realize decrease in cost. 
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Fig, 2 is a schematic vertical cross 
sectional view illustrating another arrangement 
of an injection nozzle 5. 

The injection nozzle 5 is surrounded by an 
inert gas blowing nozzle 6 for blowing inert gas 
(for example, nitrogen gas) therefrom. 

When the injection nozzle 5 having the above 
arrangement is employed, nitrogen blowing is 
carried out as inert gas blowing against the 
injected drying fluid so that the injected 
drying fluid is prevented from becoming too 
large in size. Therefore, drying of the 
substrates 1 with high quality is realized. 
Wherein, the nitrogen gas may be the nitrogen 
gas with usual temperature, but the nitrogen gas 
is preferable to be the nitrogen gas with 
increased temperature of about 100 °C so as to 
improve the above operation and effect. 

Fig. 3 is a schematic vertical cross 
sectional view illustrating a further 
arrangement of an injection nozzle 5. 

The injection nozzle 5 surrounds an inert 
gas blowing nozzle 6 for blowing inert gas 
therefrom. 

When the injection nozzle 5 having the above 
arrangement is employed, operation and effect 
are realized which are similar to those of the 
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case in which the injection nozzle 5 illustrated 
in Fig. 2 is employed. 

Fig. 4 is a schematic vertical cross 
sectional view illustrating yet another 
arrangement of an injection nozzle 5. 

The injection nozzle 5 injects the drying 
fluid in a horizontal direction, and an inert 
gas blowing nozzle 6 is provided for blowing 
nitrogen gas with usual temperature or high 
temperature as inert gas from an upper position 
with respect to the injected drying fluid. 

When the injection nozzle 5 having the above 
arrangement is employed, operation and effect 
are realized which are similar to those of the 
case in which the injection nozzle 5 illustrated 
in Fig. 2 is employed. 

Fig. 5 is a schematic perspective view of a 
device for drying substrate of another 
embodiment according to the present invention. 

The device for drying substrate is different 
from the embodiment illustrated in Fig. 1 in 
that the injection nozzle 5 having the 
arrangement of one of Figs. 2 4 is employed, 
and that an exhausting slit opening 3b is 
provided at a predetermined position of a cover 
body 3a of the processing container 3. 
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When the device for drying substrate having 
the above arrangement is employed, steady flow 
of the inert gas is formed by exhausting the 
inert gas through the exhausting slit opening 3b 
which inert gas is introduced within the 
processing container 3 by inert gas blowing. 
Consequently, the injected drying fluid is 
prevented from becoming too large in size. As a 
result, rapid drying without drying mark of the 
substrates 1 is realized. 

When the above arrangement is employed, 
there is a possibility that the drying fluid is 
exhausted through the exhausting slit opening 3b. 
But, the quantity of the drying fluid exhausted 
through the exhausting slit opening 3b is 
remarkably small so that disadvantage does not 
arise, because almost drying fluid is injected 
towards the surface of the cleaning fluid 2 so 
as to form the fluid layer on the surface. 

Fig. 6 is a schematic perspective view of a 
device for drying substrate of a further 
embodiment according to the present invention. 

The device for drying substrate is different 
from the embodiment illustrated in Fig. 5 in 
that an exhausting slit opening 3b is provided 
at an upper section of a side wall of the 
processing container 3. 
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When this arrangement is employed, operation 
and effect are realized which are similar to 
those of the device for drying substrate 
illustrated in Fig. 5. 

Fig. 7 is a schematic perspective view of a 
device for drying substrate of yet another 
embodiment according to the present invention. 

The device for drying substrate is different 
from the embodiment illustrated in Fig. 5 in 
that an exhausting pipe 3c is provided at a 
predetermined position of a cover body 3a of the 
processing container 3. 

When this arrangement is employed, leakage 
of the drying fluid is securely prevented. In 
addition, operation and effect are realized 
which are similar to those of the device for 
drying substrate illustrated in Fig. 5. 

Fig. 8 is a schematic perspective view of a 
device for drying substrate of a yet further 
embodiment according to the present invention. 

The device for drying substrate is different 
from the embodiment illustrated in Fig. 5 in 
that an opening and closing valve 4a is provided 
at a predetermined position of the feed pipe 4 
for supplying drying fluid to the injection 
nozzle 5, that an opening and closing valve 7a 
is provided at a predetermined position of a 
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feed pipe 7 for supplying nitrogen gas to the 
nitrogen gas blowing nozzle 6, and that a valve 
control section 8 is provided for controlling 
the opening and closing valves 4a and 7a. 

When the device for drying substrate having 
the above arrangement is employed, the drying 
fluid is intermittently introduced within the 
processing container 3 by periodically opening 
and closing the opening and closing valve 4a. 
Therefore, consumption quantity of the drying 
fluid is decreased in comparison with 
consumption quantity of the drying fluid when it 
is continuously introduced. 

Specifically, as is illustrated in Fig. 9 
for example, injection of the drying fluid is 
carried out for 0. 5 seconds, then blowing of 
only the nitrogen gas with high temperature is 
carried out for 2 seconds, thereafter the valve 
control section 8 controls both opening and 
closing valves 4a and 7a so as to repeat the 
injection of the drying fluid and the blowing of 
only the nitrogen gas with high temperature. 
When this operation is carried out, the 
consumption quantity of the drying fluid and the 
consumption quantity of the nitrogen gas with 
high temperature are decreased in comparison 
with the consumption quantity of the drying 
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fluid and the consumption quantity of the 
nitrogen gas with high temperature when the 
drying fluid is continuously introduced and when 
the nitrogen gas with high temperature is 
continuously blown for atomizing the drying 
fluid. The decreasing rate of the consumption 
quantity of the drying fluid is about 80%, while 
the decreasing rate of the consumption quantity 
of the nitrogen gas with high temperature is 
about 20%. 

This specific example introduces the drying 
fluid for 0. 5 seconds at every 2. 5 seconds. The 
introduction interval of the drying fluid and 
the introduction quantity of the drying fluid at 
every introduction can be determined following 
the lowering speed of the surface of the 
cleaning fluid for carrying out drying of the 
substrates due to MARANGONI effect. 

In the above embodiments, the surface of the 
cleaning fluid 2 is lowered by discharging the 
cleaning fluid 2. Instead the discharging of 
the cleaning fluid 2, it is possible that drying 
is carried out following moving upward of the 
plurality of substrate 1. 

Fig. 10 is a perspective view illustrating a 
main portion of a device for drying substrate of 
a further embodiment according to the present 



24 



invention. The arrangement of each portion 
which is not illustrated is similar to that of 
the above embodiment, therefore detailed 
description is omitted. 

The device for drying substrate has a first 
feed pipe 5a for supplying carrier gas (for 
example, nitrogen gas) to the injection nozzle 5, 
and a second feed pipe 5b for supplying liquid 
drying fluid, the second feed pipe 5b being 
communicated to halfway of the first feed pipe 
5a. Further, injection openings 5c of the 
injection nozzle 5 are determined their 
positions so that the injection openings 5c 
correspond to clearances of the substrates 1. 

When the device for drying substrate of this 
embodiment is employed, the carrier gas is 
supplied to the injection nozzle 5 through the 
first feed pipe 5a so as to generate negative 
pressure at the position corresponding to the 
opening of the second feed pipe 5b. 
Consequently, the liquid drying fluid is sucked 
into the first feed pipe 5a due to the negative 
pressure, then the drying fluid is supplied to 
the injection nozzle 5 with the carrier gas. 
Then, mist of the drying fluid is blown from the 
injection opening 5c of the injection nozzle 5. 
Drying of the substrates 1 is realized by the 
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mist as similar as the operation of the above 
embodiment. 

When this embodiment is employed, blowing 
quantity of the drying fluid from the injection 
nozzle 5 is suppressed so that proper amount of 
the drying fluid is supplied to the dipping 
boundary face of each substrate 1. As a result, 
usage quantity of the drying fluid is decreased, 
and the running cost is decreased. 

Fig. 11 is a perspective view illustrating a 
main portion of a device for drying substrate of 
yet another embodiment according to the present 
invention. The arrangement of each portion 
which is not illustrated is similar to that of 
the above embodiment, therefore detailed 
description is omitted. 

The device for drying substrate has a first 
feed pipe 5a for supplying carrier gas to the 
injection nozzle 5, the first feed pipe 5a being 
communicated to one end face of the injection 
nozzle 5 in a longitudinal direction, and has a 
second feed pipe 5b for supplying liquid drying 
fluid, the second feed pipe 5b being 
communicated to a face of the injection nozzle 5 
which face is neighboring to the one end face. 
Further, injection openings 5c of the injection 
nozzle 5 are determined their positions so that 
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the injection openings 5c correspond to 
clearances of the substrates 1. 

When the device for drying substrate of this 
embodiment is employed, the carrier gas is 
supplied to the injection nozzle 5 through the 
first feed pipe 5a so that the inner pressure 
within the injection nozzle 5 becomes high 
pressure because the injection openings 5c are 
small in size. And, liquid drying fluid is 
supplied into the injection nozzle 5 by 
supplying the liquid drying fluid with higher 
pressure with respect to the inner pressure 
through the second feed pipe 5b. Then, mist of 
the drying fluid is blown from the injection 
openings 5c of the injection nozzle 5. Drying 
of the substrates 1 is realized by the mist as 
similar as the operation of the above embodiment. 

When this embodiment is employed, blowing 
quantity of the drying fluid from the injection 
nozzle 5 is suppressed so that proper amount of 
the drying fluid is supplied to the dipping 
boundary face of each substrate 1. As a result, 
usage quantity of the drying fluid is decreased, 
and the running cost is decreased. 

Fig. 12 is a perspective view illustrating a 
main portion of a device for drying substrate of 
a yet further embodiment according to the 
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present invention. The arrangement of each 
portion which is not illustrated is similar to 
that of the above embodiment, therefore detailed 
description is omitted. 

The device for drying substrate is different 
from the device for drying substrate illustrated 
in Fig. 11 in that an exhaust pipe 5d is 
provided for exhausting carrier gas, the 
exhausting pipe 5d being communicated with the 
other end face of the injection nozzle 5 in a 
longitudinal direction, that a valve 5eis 
provided at a predetermined position of the 
exhausting pipe 5d, and that the second feed 
pipe 5b is communicated with the injection 
nozzle 5 only at the most upstream side thereof. 

When this embodiment is employed, the rate 
of the carrier gas blown from the injection 
openings 5c and the carrier gas exhausted 
through the exhausting pipe 5d is controlled by 
controlling the opening of the valve 5e. The 
liquid drying fluid supplied to the injection 
nozzle 5 through the second supplying is 
accelerated by the carrier gas, and the liquid 
drying fluid is supplied in the entire extent 
from the most upstream side injection opening 5c 
to the most downstream side injection opening 5c, 
so that mist of drying fluid is blown from every 
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injection opening 5c. Of course, the blown 
drying fluid is made to be fine mist by the 
carrier gas. Therefore, drying of the 
substrates 1 with high quality is realized. 

Industrial Applicability 

The present invention can be applied to the 
drying of substrates such as semiconductor 
wafers or the like. Drying of the substrates 
with high quality is realized. 
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What Is Claimed Is- 

1. A method for drying substrate is a 
method which houses substrates (1) within a 
processing container (3), and dries a surface of 
each substrate (1) by relatively lowering a 
fluid face of cleaning fluid (2) within a 
processing container (3) with respect to the 
substrate (1) and by introducing the drying 
fluid within the processing container (3), the 
method comprising the steps of; 

Introducing drying fluid under a liquid 
condition within the processing container (3), 
and 

Injecting the introduced drying fluid onto 
the fluid face of the cleaning fluid (2) using a 
nozzle (5). 

2. A method for drying substrate as set 
forth in claim 1, further comprising the step of 
blowing inert gas for atomizing the drying fluid. 

3. A method for drying substrate as set 
forth in claim 1 or claim 2, introducing drying 
fluid within the processing container (3) is 
carried out intermittently. 

4. A device for drying substrate is a 
device which houses substrates (1) within a 
processing container (3), and dries a surface of 
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each substrate (1) by relatively lowering a 
fluid face of cleaning fluid (2) within a 
processing container (3) with respect to the 
substrates (1) and by introducing the drying 
fluid within the processing container (3), the 
device comprising; 

Drying fluid supplying means (4) (4a) (5) for 
introducing drying fluid under a liquid 
condition within the processing container (3), 
and for injecting the introduced drying fluid 
onto the fluid face of the cleaning fluid (2) 
using a nozzle (5). 

5. A device for drying substrate as set 
forth in claim 4, further comprising blowing 
means (6) for blowing inert gas for atomizing 
the drying fluid, the blowing means (6) being 
near the drying fluid supplying means (5). 

6. A device for drying substrate as set 
forth in claim 4 or claim 5, further comprising 
control means (8) for controlling the drying 
fluid supplying means (4a) so as to 
intermittently introduce the drying fluid within 
the processing container (3). 

7. A method for drying substrate is a 
method which houses substrates (1) within a 
processing container (3), and dries a surface of 
each substrate (1) by relatively lowering a 



31 



fluid face of cleaning fluid (2) within a 
processing container (3) with respect to the 
substrate (1) and by introducing the drying 
fluid within the processing container (3), the 
method comprising the steps of; 

Conveying liquid drying fluid to exhaust 
opening (5c) of a nozzle (5) using carrier gas, 
and 

Simultaneously blowing the drying fluid and 
the carrier gas from the exhaust opening (5c) 
towards an upper face of the cleaning fluid (2). 

8. A device for drying substrate is a 
device which houses substrates (1) within a 
processing container (3), and dries a surface of 
each substrate (1) by relatively lowering a 
fluid face of cleaning fluid (2) within a 
processing container (3) with respect to the 
substrate (1) and by introducing the drying 
fluid within the processing container (3), the 
device comprising; 

Drying fluid supplying means (5) (5a) (5b) (5c) 
for conveying liquid drying fluid to exhaust 
opening (5c) of a nozzle (5) using carrier gas, 
and for simultaneously blowing the drying fluid 
and the carrier gas from the exhaust opening 
(5c) towards an upper face of the cleaning fluid 
(2). 
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9. A device for drying substrate as set 
forth in claim 8, wherein the drying fluid 
supplying means (5) (5a) (5b) (5c) comprises a 
first feed pipe (5a) for supplying carrier gas 
to the nozzle (5) and a second feed pipe (5b) 
for supplying liquid drying fluid which is 
communicated to the halfway of the first feed 
pipe (5a) . 

). A device for drying substrate as set forth 
in claim 8, wherein the drying fluid supplying 
means (5) (5a) (5b) (5c) comprises a first feed 
pipe (5a) for supplying carrier gas to the 
nozzle (5) and a second feed pipe (5b) for 
supplying liquid drying fluid to the nozzle (5), 
the first feed pipe (5a) and the second feed 
pipe (5b) being independently provided from one 
another. 
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